Proton intensities of about three times the original design value of 1013 protons/pulse (ppp) have recently been achieved in the CERN-SPS. Failures due to the resulting elevated energy deposition densities in targets and absorbers are reported and the design and construction of new, fail safe equipment is described.
A beam dump experiment was made at the CERN-SPS to study the production of prompt neutrinos. The dump blocks were made of a forged, high strength copper alloy Cu-Cr-Zr with the following dimensions: length 3025 mm, height 415 mm, width 320 mm. To measure the neutrino yield at different nuclear absorption lengths, the effective density of two of the three blocks was reduced to 1/2 and 1/3 of the original copper. This was achieved by machining a series of equidistant slots laterally through the blocks, thus leaving their outside dimensions identical. Fig. 1 shows the density "1/3" block.
Coo°lingr Inl E1 5 _~~~~1 Rigid connections between the air nozzles and the dumps were avoided by leaving a gap of about 20 mm between them, accepting some tolerable iir losses.
The temperatures, measured on the cooling fins were about 80-C at 1013 ppp. Therefore, at the scheduled intensity of 1.5 x 1013 ppp the estimated maximum temperature in the centre of the block was about 400-C.
To allow for some decay of the remanent radioactivity the blocks were inspected about six months after the end of the experiment. Still, with surface doses of up to 30 Rem/h, remotely controlled T.V. cameras and a manipulator had to be employed. It appeared that most of the 4 mm thick cooling fins of the density "l/l"-block were cracked at their bases over a length of about 50 cm (see Fig. 3 blocks to the impact of the proton burst as well as 'post mortem" inspections are severely hindered by the level of induced radioactivity.
The High Intensity Target
The target for the CERN narrow band neutrino beam consisted initially of a string of beryllium rods with a diameter of 3 mm, which were cooled by a helium gas stream. When, however, the intensity of the fast extracted proton beam (momentum 400 GeV/c; burst duration 23 microsec.) was raised to about 1.5
x 1013 ppp, the rods started to warp and finally broke due to excessive thermal stress and shock. Therefore, a new target has been built which is designed for future beam intensities of up to 2 x 1013 ppp, As target material, graphite was selected which has an excellent thermal shock resistance and mechanical strength at elevated temperatures and has successfully been applied for similar purposes2 elsewhere. The target rod has a diameter of 3 cm and a length of up to 100 cm.
The temperature rises in the target due to the energy deposition of the primary protons and the secondaries have been calculated3. For a beam diaAeter of 2 mm (40 of a Gaussian density distribution) a maximum temperature rise per pulse of about 1330-C is expected in the target centre. The time averaged longitudinal power density is at most 60 W/cm.
To prevent substantial oxidation of the graphite when exposed to air at elevated temperatures, the target rod is mounted in a thick walled aluminium tube closed at both ends with 0.1 me thick titanium foils. Over-pressure valves on the target container will release any possible pressure due to excessive heating or beam induced outgassing of the graphite.
The heat deposited in the target rod is conducted radially into the wall of the aluminium tube.
An excellent thermal contact between the target and the container is achieved by shrink fitting the tube around the graphite cylinder 2.
The outside surface of the aluminium container is cooled by an air stream, produced by a ROOTS-pump and directed through a nozzle upstream of the target into cooling channels machined in the circumference of the aluminium container.
Laboratory tests were made with an electrical heating element -which dissipated about 70 W/cm.
With an air velocity of about 10 m/s the average temperatures on the outer surfaces of the graphite and the aluminium container were about 120'C and 110-C respectively.
The temperature of the aluminium should be kept well below 130'C since if it expands radially too far it looses its thermal contact with the graphite.
It has been proved to be very useful to provide in a target station several target heads as well as a "target out" position, which can be selected remotely.
In the described device two adjacent target rods are mounted in a common frame which can be displaced horizontally. The principle of the target unit is shown In Fig. 4 . The support carrying the two targets is suspended by flexible metallic hinges which allow the required horizontal displacement. The support is moved by pneumatically driven stainless steel bellows, pressurised from a remotely controlled manifold. The latter is placed upstream of the highly radioactive target area and is connected to the target unit by metallic pipes. As shown in Fig. 4 The target support frame and its base plate can both be handled by-a remotely controlled and T.V. assisted overhead crane. The use of this target unit in the beam is foreseen in the middle of 1983. ppp and a diameter of about 6 mm (see Fig. 6 ). The aluminium core of the present dump is expected to be damaged in a similar way.
Fig. 6
Beam induced plastic deformation in an aluminium absorber block.
An improved dump block4, designed to absorb beams with intensities of up to 3.5 x 1013 ppp is now under construction.
The general layout of the new absorber is shown in Fig. 7 .
Its 
